VALIDATION OF A CARDIOPULMONARY EXERCISE TEST SCORE IN HEART FAILURE  by Myers, Jonathan N. et al.
Diagnostic Testing: ECG Exercise and Sports
E1945
JACC March 27, 2012
Volume 59, Issue 13
VALIDATION OF A CARDIOPULMONARY EXERCISE TEST SCORE IN HEART FAILURE
ACC Oral Contributions
McCormick Place South, S503
Sunday, March 25, 2012, 11:30 a.m.-11:45 a.m.
Session Title: Diagnostic Testing; ECG and Cardiopulmonary Exercise Testing
Abstract Category: 25. Diagnostic Testing: ECG Exercise
Presentation Number: 929-6
Authors: Jonathan N. Myers, Ricardo Oliveira, Marco Guazzi, Paul Chase, Daniel Bensimhon, Euan Ashley, Daniel Forman, Mary Ann Peberdy, Erin 
West, Ross Arena, VA Palo Alto Health Care System, Palo Alto, CA, USA
Background: Cardiopulmonary exercise test (CPX) responses, including peak VO2, markers of ventilatory inefficiency (eg. the VE/VCO2 slope 
and oxygen uptake efficiency slope [OUES]), and hemodynamic responses, such as heart rate recovery (HRR) are strong predictors of outcomes in 
patients with heart failure (HF). We recently developed a CPX score that integrated the additive prognostic information from CPX. The purpose of this 
study was to validate this score in a larger, independent sample of HF patients.
Methods: At 5 institutions, 2625 patients with HF (1974 male/651 female, age 55±14 years, resting ejection fraction 35±15%) underwent CPX 
and were followed for cardiac-related mortality and separately for major cardiac events (death, hospitalization for HF, transplantation, left ventricular 
assist device implantation) for a mean of 29±30 months. The age-adjusted prognostic power of peak VO2, VE/VCO2 slope, OUES (VO2 = a log10VE 
+ b), resting end-tidal carbon dioxide pressure (PetCO2), and HRR were determined using Cox proportional hazards analysis, optimal cutpoints were 
determined, the variables were weighted, and a multivariate score was derived.
Results: There were 441 composite outcomes. The VE/VCO2 slope (≥34) was the strongest predictor of risk and was attributed a relative weight 
of 7, with weighted scores for abnormal HRR (≤6 beats at 1 minute), OUES (<1.4), PetCO2 (<33 mm Hg), and peak VO2 (≤14 ml/kg/min) having 
scores of 5, 3, 3, and 2, respectively. A summed score >15 was associated with an annual mortality rate of 23% and a relative risk of 8.3, whereas a 
score <5 was associated with a mortality rate of 0.1%. The composite score was the most accurate predictor of cardiovascular events among all CPX 
responses considered (concordance indexes 0.70 for cardiovascular mortality and 0.72 for the composite outcome). The summed score remained 
significantly associated with increased risk after adjusting for age, gender, body mass index, ejection fraction, and cardiomyopathy type.
Conclusions: These data validate the application of a multivariable score based on readily available CPX responses, and provide a simple and 
integrated method that powerfully predicts outcomes in patients with HF.
